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This research was objectively carried out to evaluate the effect of integrated management on 
watersheds. Thus, well managed and poorly managed watersheds were selected; where 
samples from three altitudinal ranges, four land use types and three consecutive soil depths 
were taken. Changes in vegetation cover were also analysed. The result showed an increase 
in vegetation cover by 27.82 % in well managed, and decrease in vegetation cover by 
38.33% in poorly managed watershed from 1992 to 2015.  Soil organic carbon was found 
highest (43.57 t/ha) in shrublands of altitudinal range of 1700 -2000 m of well managed, 
and lowest (3.94 t/ha) in shrublands of below 1700m in poorly managed watershed. This 
paper summarises that the integrated watershed management is crucial for increasing 
organic carbon content at the watershed level, as a contribution to climate change 
mitigation. 
 
1. Introduction 
 
    Globally, soil constitutes the largest portion of terrestrial carbon. Tropical forest represents more than one 
third of soil organic carbon (SOC) (Kirsten et al., 2016). However, the level of SOC in Asia and SouthEast Asia 
is considerably lower than the global average (Shrestha et al., 2017). Conservation of tropical soil and 
accordingly, SOC hence, has a huge potential for climate change mitigation. Soil erosion and flooding in the 
tropics are leading to massive soil degradation and decreasing land productivity. Degraded and abandoned 
agricultural land occupies about 500 million hectares of land (Lamb et al., 2005). Land degradation has multiple 
effects, including low soil fertility at local level and poor SOC at the regional scale.   
 
    Soil conservation and soil carbon enhancement is a major concern for climate change mitigation (Paustian et 
al., 2016), and also to achieve the global goals of sustainable development (Keesstra et al., 2016). Natural 
resource management at watershed level is important in ascertaining multiples benefits in terms of agricultural 
production and productivity, environmental health and biodiversity conservation, and overall social 
development. Soil carbon sequestration and storage through better land management at watershed level has huge 
potential to combat climate change both in terms of mitigation and adaptation. In order to respond to climate 
change, integrated watershed management (IWM) is widely recognized as a conservation approach to address 
multiple issues of land degradation (Blomquist and Schlager, 2005). IWM is all about planning and management 
of land and water resources along with vegetation manipulation.   
 
    IWM in Nepal is focused on participatory approach to soil and water conservation, with involvement of multi-
stakeholders to realise the multiple social and ecological benefits. Although the principles of IWM is widely 
appreciated, output and impact of IWM approach has been poorly established. Nepal has been adopting IWM for 
the last few decades, but there is a knowledge gap on the outcomes of IWM on various land productivity issues, 
such as SOC and soil fertility. This paper aims to explain the change in vegetation cover and differences in SOC 
and soil fertility indicators (N, P, K, pH, and bulk density) in well and poorly managed watersheds, including 
differences in soil depth and land use types at various altitudinal ranges.  
 
2. Materials and Methods 
 
 
2.1. Study area 
 
    Soil sampling was done from two watersheds (Kulekhani and Bhattaulikhola) of the mid-hills of Province 
number 3, Nepal (Fig. 1). 
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    Figure 1 shows the map of the two watersheds along with their major drainage systems. As shown in the 
figure, Kulekhani watershed lies in the Southern and Bhattaulikhola in the Eastern part of Province number 3 of 
Nepal. Kulekhani is a well managed, where as  Bhattaulikhola is a poorly managed watershed. Kulekhani 
watershed (270 34' 58" to 270 40' 55" N and 850 01' 33" to 850 12' 26" E), lies in Makawanpur district which 
covers an area of 123.77 km2. Bhattaulikhola watershed (270 22' 49" to 270 31' 21" N latitude and 850 54' 8" to 
860 02' 16" E), covering an area of 100.18 km2 lies in Ramechhap district. Both watersheds have medium to 
steep sloppy terrain. Dominant rock types are phyllites, quartzites and schists, whereas, common soil types 
include colluvial, alluvial and residual soils.  
 
 
2.2. Soil sampling 
 
    Soil samples were collection from February to April 2018. Basically, the stratified random sampling method 
was adopted for this study (Pennock et al., 2007). For the sampling purpose, each watershed was divided into 
three blocks based on the altitude category such as, below 1700 m, 1700 m to 2000 m and above 2000 m. From 
each of the altitude category, the area was classified based on the land use types. Major four land use types were 
predetermined for this study, namely; forest land, shrub land, agriculture land and barren land. From each of the 
land use types, under each altitude category, two random samples were collected by using auger of size 10 mm 
diameter, at three consecutive soil depth of 0-10 cm, 10-20 cm and 20-30 cm. Soil sample at each plot was 
supplemented by the detailed topographic and profile description. The collected samples were then packed into 
plastic zipper bag and weighted. Labelled soil samples were transported to laboratory for further analysis. 
 
2.3. Laboratory analysis and statistical procedure 
 
    Soil organic carbon was analysed by volumetric method (Walkey and Black, 1934). Total Nitrogen, 
Phosphorus and Potassium were analysed by Kjeldhal method, Brays method and flame photometric method, 
respectively (Bray and Kurtz, 1945; Toth and Prince, 1949). 
    SPSS (IBM SPSS statistics 20.0) was used to assess the mean and standard errors as well as to check the 
significant differences between SOC stocks and soil fertility indicators between the watersheds. Comparison and 
correlation among SOC and soil fertility indicators were also assessed through the SPSS program. The collected 
data were examined applying Saphiro-Wilk test for normality distribution.  
 
 
Figure 1.  Map of the study area 
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3. Results  
 
3.1. Vegetation cover changes in the watersheds 
 
    Vegetation cover is one of the major factors in determining SOC and soil fertility. The change in vegetation 
cover was assessed for the period of 24 years, from 1992 to 2015. In case of Kulekhani watershed, vegetation 
cover was increased by 27.82 % during that period of time. Figure 2 shows that the vegetation cover was scarce 
along the river drainage in 1992, which was well recovered until 2015. 
The vegetation cover was increased in all three altitudinal ranges by 69.66%, 52.95% and 8.50% in altitude of 
below 1700m, 1700m to 2000m and above 2000m respectively. Unlike the managed watershed, there was a huge 
vegetation loss in poorly managed watershed in the same period of time. Figure 3 shows that the vegetation 
cover in Bhattaulikhola watershed was decreased by 38.33 %. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    The vegetation cover was decreased by 40.82%, 29.40% and 34.58% in altitudinal ranges of below 1700m, 
1700m to 2000m and above 2000m respectively. The loss of vegetation cover was severe along the river 
drainage and downstream side of the watershed. 
 
    Vegetation cover change is attributed with various social and economic factors. Change in vegetation cover in 
those watersheds was considered due to the effect of management interventions applied. Various management 
interventions were applied based on the principle of IWM in Kulekhani watershed. On the other hand, no such 
significant watershed management activities were implemented in Bhattaulikhola watershed.  
Figure 1. Vegetation cover change in Kulekhani Watershed between the period of 1992 and 2015 
Figure 3. Vegetation cover change in Bhattaulikhola Watershed between the period of 1992 and 2015 
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Figure 4. SOC in different soil depth 
3.2. Status of SOC and soil fertility indicators 
 
Average content of SOC and soil fertility indicators in Kulekhani watershed is presented in Table 1.  
 
Table 1. Mean and standard error of SOC and soil fertility in Kulekhani watershed 
 
Altitude 
SOC 
 (t /ha) 
BD 
(g/cm3) pH 
Total N 
(%) 
Available P 
(ppm) 
Available K 
(ppm) 
Forest land 20.61±3.29 1.42 ± .04 5.57± 0.07 0.13± 0.01 1.96 ± 0.17 76.38± 13.02 
Shrubland 15.65±2.96 2.02±.07 7.15±0.20 0.08±0.01 4.78±0.06 46.94±4.11 
Barren land 25.97±3.08 1.84±.03 6.43±0.11 0.12±0.01 18.26±3.86 81.45±5.79 be
lo
w
 
17
00
m
 
Agriculture land 26.71±3.07 1.98±.09 6.88±0.03 0.10±0.01 24.12±10.56 155.11±15.87 
Forest land 30.75±4.17 1.35±.01 6.00±0.20 0.16±0.03 2.60±0.33 116.47±18.92 
Shrubland 43.57±7.03 1.56±.05 5.62±0.04 0.25±0.03 1.80±0.08 95.45±5.58 
Barren land 9.70±0.89 2.13±.01 5.85±0.02 0.05±0.00 2.54±0.23 78.75±5.74 17
00
-
20
00
m
 
Agriculture land 31.75±2.14 2.03±.12 5.94±0.11 0.14±0.01 8.08±2.41 108.47±16.64 
Forest land 25.41±2.06 1.69±.03 5.74±0.12 0.08±0.01 3.89±1.06 29.41±4.71 
Shrubland 24.44±2.26 1.77±.01 4.96±0.07 0.85±0.78 1.70±0.22 47.09±2.14 
Barren land 14.24±0.71 1.80±.02 5.17±0.03 0.03±0.00 2.26±0.08 35.20±2.00 A
bo
v
e 
20
00
m
 
Agriculture land 42.31±2.23 1.73±0.01 4.70±0.05 0.15±0.02 3.67±1.26 48.43±2.58 
 
    SOC is found highest (43.57 tons/ha) in shrubland of altitudinal range between 1700m and 2000m whereas, 
barren land of the same altitude had the lowest SOC content of 9.70 tons/ha. SOC content is significantly 
different based on the land use types (p <0.05) but it is not significantly different due to the altitudinal ranges 
(p=0.162). The level of pH in agricultural land above 2000m was found the lowest (4.70) but that of the 
shrubland in altitude below 1700m was found highest up to 7.15. 
Average content of SOC and soil fertility indicators in Bhattaulikhola watershed is presented in Table 2.  
 
Table 2. Mean and standard error of SOC and soil fertility in Bhattaulikhola watershed 
 
Altitude 
SOC 
(t /ha) 
BD (g/cm3) pH Total N 
(%) 
Available P 
(ppm) 
Available K 
(ppm) 
Forest land 5.20±0.99 0.58±.01 6.40±0.08 0.05±0.01 41.19±0.10 143.89±2.54 
Shrubland 3.94±0.48 0.49±.01 6.55±0.09 0.05±0.00 NA 96.98±9.05 
Barren land 5.40±0.63 0.58±.01 6.26±0.07 0.05±0.00 40.28±0.16 137.86±1.69 be
lo
w
 
17
00
m
 
Agriculture land 6.15±0.72 0.53±.01 7.28±0.09 0.09±0.01 10.81±2.32 143.50±31.82 
Forest land 11.26±0.92 0.33±.02 5.13±0.15 0.24±0.05 1.97±0.25 50.69±4.60 
Shrubland 4.79±0.63 0.43±.01 5.94±0.01 0.11±0.02 2.12±0.55 126.49±8.05 
Barren land 4.83±0.27 0.42±.02 5.69±0.06 0.11±0.02 2.20±0.54 122.55±7.07 17
00
-
20
00
m
 
Agriculture land 9.45±1.12 0.35±.02 5.22±0.12 0.25±0.03 2.85±0.58 68.61±9.77 
Forest land 9.43±0.39 0.36±.02 5.56±0.05 0.17±0.00 2.52±0.29 36.63±3.75 
Shrubland 10.91±1.43 0.32±.01 5.57±0.06 0.21±0.03 1.73±0.08 42.66±7.86 
Barren land 5.92±0.16 0.34±.01 5.48±0.03 0.13±0.00 2.80±0.31 37.23±3.88 A
bo
v
e 
20
00
m
 
Agriculture land 14.25±0.31 0.37±.01 5.37±0.03 0.31±0.01 3.67±0.13 93.23±11.66 
 
 
    SOC content was highest in agricultural land in 
altitudinal range of above 2000m (14.25 tons/ha), but 
it was found lowest (3.94 tons/ha) in shrublands of 
altitudinal range of below 1700m. SOC content is 
significantly different based on both the land use 
types (p<0.05) and altitudinal ranges (p<0.05) in 
Bhattaulikhola watershed.  
The level of pH is found lower as the altitude 
increases. For instance, average pH of soil samples 
taken from all the land use types above 1700m is 
found less than 6 in Bhattaulikhola watershed and pH 
was above 6 in altitude range less than 1700m. 
Likewise, pH in Kulekhani watershed also shows the 
same trend.  This study also found a substantial 
difference of SOC based on the soil depth of the two 
watersheds.  
 
    Figure 4 shows the SOC content in two watersheds 
based on soil depth. SOC contents becomes lesser as 
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the soil depth increases, such as average content of SOC in soil depth of   0-10 cm was found much higher than 
that of the soil depth 20-30 cm below land surface.  
 
    Mean SOC content in soil of shallow depth (0-10 cm) is two-fold higher than that of the deep depth (20-30 
cm) in Kulekhani watershed. However, the difference is relatively low in Bhattaulikhola watershed. Much 
apparently, SOC content in Kulekhani watershed was found to be much higher than that of the Bhattaulikhola 
watershed. This denotes that the mean SOC content in surface soil is higher than that of the deeper soil. 
SOC content is dependent on various ecological and other socio-economic practices occurred in the area. Among 
the factors, most important were watershed management practices, altitudinal range, land use types and soil 
depth.  
 
3.3. Correlation and comparison among SOC and other soil fertility indicators 
 
    Watershed management is aimed to enhance the land productivity and soil fertility along with proper water 
management and vegetation manipulation. In order to understand the correlation among SOC and soil fertility 
indicators, Pearson correlation test was performed and the p values are presented in Table 3.  
 
Table 3: Correlation matrix of SOC and soil fertility indicators 
 
 
 Correlation matrix (p-value) 
Kulekhani Bhattaulikhola 
  SOC BD pH N K P SOC BD pH N K P 
SOC   .000 .014 .235 .000 .382  .000 .000 .000 .003 .726 
BD     .008 .638 .261 .428    .000 .000 .000 .000 
pH       .180 .005 .000      .000 .000 .001 
N         .892 .653        .001 .030 
K           .000          .000 
P                        
 
    In case of Kulekhani watershed, SOC is found significantly correlated with bulk density, pH and potassium. 
Likewise, bulk density and pH, pH and potassium, pH and phosphorus, and phosphorus and potassium were 
found significantly correlated. However, in case of Bhattaulikhola, all the measured variables were significantly 
correlated, except SOC and phosphorus.  
 
    In the two watersheds, there was significant difference in SOC and bulk density based on the land use types 
and altitudinal categories (Table 4). There was a mix of findings in case of pH, N, P, and K. All the six variables 
were found significantly different in forest land of altitude below 1700 m when comparing two watersheds.  
 
Table 4. Comparison of SOC and soil fertility between two watersheds 
 
Comparison of SOC and soil fertility indicators between the watersheds (p-value) 
Altitude Land use types SOC BD pH N P K 
Forest land 0.001 0.000 0.000 0.006 0.000 0.000 
Shrubland 0.003 0.000 0.025 0.101 NA 0.001 
Barren land 0.000 0.000 0.245 0.006 0.200 0.000 Below 1700 m 
Agriculture land 0.000 0.000 0.002 0.501 0.171 0.751 
Forest land 0.001 0.000 0.006 0.298 0.167 0.007 
Shrubland 0.000 0.000 0.000 0.008 0.586 0.010 
Barren land 0.000 0.000 0.044 0.047 0.576 0.001 1700-2000 m 
Agriculture land 0.000 0.000 0.002 0.011 0.062 0.066 
Forest land 0.000 0.000 0.219 0.000 0.246 0.258 
Shrubland 0.000 0.000 0.000 0.435 0.926 0.599 
Barren land 0.000 0.000 0.000 0.000 0.132 0.651 Above 2000 m 
Agriculture land 0.000 0.000 0.000 0.000 0.997 0.004 
 
    In addition, ANOVA test showed that there was a significant difference in SOC content according to 
watersheds (p < 0.05), land use types (p < 0.05) and the interaction of these two variables (p <0.05).  
 
4. Discussion 
 
4.1. IWM and vegetation cover change 
 
    Data available from Forest Resource Assessment 2015 (DFRS, 2015) was compared against the vegetation 
cover data available from 1992 (GON, 1995). It showed a significant change in vegetation cover of the two 
watersheds. Vegetation cover was increased in Kulekhani watershed, whereas it was decreased in Bhattaulikhola 
watershed. The change in vegetation cover can be attributed to various socio-economic and environmental 
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factors. The most common socio-economic factors of the change include population pressure on natural 
resources, increased disturbance on the vegetation cover due to the expansion of rural roads and infrastructure, 
responding to economic opportunities (Ryan et al., 2017). In Bhattaulikhola watershed, the vegetation cover 
change might be attributed to unscientific management of natural resources and consistent pressure on 
vegetation. Moreover, drying up of water sources due to various socio-economic and climatic reasons has also 
been claimed as a factor of vegetation change (Seidl et al., 2017). 
 
    Government of Nepal started IWM in various watersheds, one of them being Kulekhani watershed, since 
1990s. IWM is considered as an advanced approach for land rehabilitation and maximizing resource objectives 
(Haregeweyn et al., 2012). IWM approach follows the basic principle of management of natural resources 
(soil/land, water and vegetation) considering various social and economic aspects of watershed management.  
 
    Project based IWM activities were employed in Kulekhani watershed. Major watershed management 
programs that were conducted in Kulekhani watershed include preventive measures (on-farm conservation, 
terrace improvement conservation plantation, water source protection, conservation pond and plantation), 
rehabilitative measures (gully/landslide treatment, torrent control, trail improvement and road slope stabilization) 
and conservation education (model watershed demonstration, farmers' plot and trainings).However, no such 
interventions were applied in Bhattaulikhola watershed. IWM is a key to increase and enhance vegetation cover 
change in watersheds (Alemayehu et al., 2009). It is uncertain to conclude the vegetation cover change in both 
watersheds were solely guided by the presence or absence of watershed management activities. However, being 
within the same physiographic region and having similar climatic conditions,one of the biggest causes of the 
vegetation cover change can be attributed to IWM applied in Kulekhani and not doing watershed management 
activities in Bhattaulikhola watershed.  
 
4.2. Difference in SOC and soil fertility indicators 
 
    Production and productivity of watershed is characterized by the content of SOC and soil fertility indicators. 
SOC is dependent on availability of vegetation and organic matters in the soil. Biological as well as chemical 
functioning of vegetation, soil and water has various processes to undergo for defining SOC in soil (Prescott, 
2010). SOC and soil fertility indicators are not only dependent on watershed management activities but also due 
to the land use practices (Guo and Gifford, 2002).  Agricultural land and forest land are found rich in SOC 
content. Although, the downstream of the watershed (lower altitudinal ranges) is likely to have much SOC 
content than the uplands, SOC content in Kulekhani is indifferent due to the altitudinal ranges. Conversely, SOC 
content is significantly different in Bhattaulikhola watershed, which might imply the loss of SOC in uplands and 
its deposition in the downstream side of the watershed. SOC content is dependent on soil depth. The deeper the 
soil layer the lesser the content of SOC in soil in both watersheds. Organic matters and vegetative litter 
decomposition in the upper layer might have resulted in high SOC content in 0-10 cm soil layer. Due to the 
sloppy land features and surface soil loss in monsoon, the carbon content might be unable to penetrate deeper in 
the soil.  
 
    Soil bulk density is also significantly different in two watersheds, higher in Kulekhani and lower in 
Bhattaulikhola watershed. Bulk density is found to have a negative relation with SOC in each watershed 
(Gebeyehu and Soromessa, 2018). However, the relation is controversy at the watershed level, such as Kulekhani 
having higher SOC content has high bulk density and Bhattaulikhola having lower SOC also shows lower bulk 
density as compared to the Kulekhani watershed. Alteration in soil carbon is also attributed to soil nitrogen 
which was evident in Bhattaulikhola watershed, where the correlation of SOC and nitrogen was significant 
(Srivastava et al., 2017). SOC is correlated with all other soil fertility indicators; expect phosphorus in 
Bhattaulikhola watershed, and nitrogen and phosphorus in Kulekhani watershed. Soil pH is found indifferent to 
the watershed management activities; however, it is negatively related with the altitudinal ranges. For instance, 
as the altitude goes down pH get increases in both watersheds. Phosphorus and potassium showed no significant 
changes due to watershed management and vegetation cover change in this study.  
 
5. Conclusion 
 
    Vegetation cover change in Kulekhani watershed was increased substantially but that of the Bhattaulikhola 
watershed was decreased down significantly. Though various factors were involved in changing the vegetation 
cover, one of the main reasons was due to the intensive implementation of IWM activities in Kulekhani 
watershed. SOC and soil fertility indicators were found to have a relation with the watersheds at various extents. 
SOC and bulk density of soil in well managed watershed was found significantly higher than in poorly managed 
watershed. Soil pH, total nitrogen, available phosphorus and potassium have no distinct relation with the 
management interventions at watershed level, but dependent on land use types and altitude ranges. To conclude, 
IWM is important in enhancing SOC content through soil conservation and maintenance of vegetation cover at 
watershed level.  
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